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EXPERIMENTAL  METHODS 


System  Modifications 

Figure  1  shows  a  schematic  diagram  of  the  laser  scanning  optics  used  in  our 
experimental  image  reader.  The  collimated  beam  from  an  argon  laser  unit  passes  through 
a  lens  A  and  focuses  at  the  acoustic  optical  modulator  (AOM).  The  divergent  output  is 
collimated  again  by  lens  C,  reflected  by  mirror  D  and  focused  again  by  a  microscopic 
objective  lens  F.  An  aperture  E  is  used  to  block  the  zero  order  peak  and  select  the  first 
order  peak  of  the  AOM  output.  The  latter  has  an  intensity  adjustable  through  digital 
control  of  the  AOM.  The  output  of  the  lens  F  is  collimated  into  a  widened  beam  by  lens  G 
(beam  expander)  which  is  reflected  by  the  mirror  H  and  deflected  by  the  digitally 
controlled  galvanometer  mirror  I.  The  deflected  beam  passes  through  an  F-theta  or  laser 
scan  lens  J  and  focuses  on  the  image  plane  K. 


I  :  ga I vanometer 


Figure  1  Schematic  drawing  for  the  laser  scanning  optics  in  an  experimental  storage 
phosphor  image  reader. 
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The  laser  spot  size  at  the  image  plane  K,  d,  is  determined  by  many  factors 
including  the  focal  lengths  of  the  lenses  A,  E  and  J.  The  diameter  of  the  expanded  beam  at 
the  ou^ut  of  the  lens  G  and  the  size  of  the  galvanometer  mirror  I  also  pose  limit  on  how 
small  the  laser  spot  size  can  be.  We  have  successfully  reduced  the  laser  spot  size  from  120 
|xm  to  SOpm  by  changing  the  focal  length  of  lens  A  firom  2S0mm  to  125mm  and  replacing 
the  lens  F  (previously  a  5x  microscopic  objective  lens)  with  a  lOx  one. 


Measurement  of  laser  beam  soot  size 

To  evaluate  the  laser  spot  size,  two  optical  slit-photo  Detector  assemblies  were 
constructed  and  attached  to  one  end  of  the  image  plate  carrier  stage.  Each  assembly 
consists  of  a  5|im  optical  slit  and  a  2.5mm  slit  nwunted  in  front  of  a  photo-transistor.  The 
photo  transistor  output  is  amplified  and  then  forwarded  to  an  oscilloscope  for  monitoring. 
It  can  also  be  digitized  for  analysis  in  the  computer.  However,  a  dedicated  high  speed 
analog-to-digital  converter  would  be  required  to  measure  sub-millimeter  spot  sizes  with 
reasonable  precision.  This  option  is  being  planned  but  not  implemented  yet 

To  measure  the  laser  beam  spot  size,  the  assemblies  were  first  positioned  in  the 
laser  scanning  path.  As  the  laser  beam  scanned  across  the  two  optical  slits  in  each 
assembly,  two  pulses  were  generated  (Rgure  3).  The  half-maximum  width  of  the  two 
pulses  were  then  measured  on  the  scope.  Assuming  the  (half  maximum)  pulse  widths  for 
the  5jxm  and  2.5mm  slits  are  t  and  T  respectively,  the  half  maximum  width  of  the  laser 
beam  profile  on  the  image  plane,  d,  can  be  estimated  as  follows: 


d  —  2.5mmx 


1 


Figure  2  Experimental  setup  for  measuring  the  laser  beam  spot  size. 


Figure  3  Phototransistor  signal  outputs  for  the  5p,m  and  2.5mm  optical  slits. 
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The  test  pattern  used  to  evaluate  the  spatial  resolution  capability  is  a  lead  bar 
resolution  pattern  (Nuclear  Associates  07-SS3).  It  consists  of  22  groups  of  bar  patterns 
with  a  frequency  ranging  from  0.25  to  10  Ips/mm.  Each  group  has  a  4  cycle  bar  pattern. 

A  specification  list  for  the  resolution  bar  pattern  is  attached  as  Appendix  n. 

The  bar  pattern  images  are  visually  examined  to  evaluate  the  spatial  resolution  limit 
of  the  imaging  system.  A  fully  resolved  pattern  generally  indicates  that  the  MTF  is  around 
0.05  or  greater  at  that  particular  frequency.  A  partially  resolved  pattern  indicates  that  the 
MTF  is  probably  between  1%  and  5%.  Unresolved  bar  patterns  generally  indicate  that  the 
MTF  is  less  than  1%.  This  observation  could  vary  from  person  to  person  but  may  be  used 
a  crude  guideline  when  visually  examining  the  bar  pattern  images. 


The  methods  for  measuring  the  spatial  resolution  properties  of  a  storage  phosphor 
imaging  system  have  been  previously  discussed  and  demonstrated^’^’l^’^^.  Our  methods 
focus  on  the  use  a  standard  resolution  test  pattern  as  described  before.  The  square  wave 
response  function  (SWRF)  was  measured  by  plotting  the  signal  profile  across  the  bar 
patterns  and  then  measuring  the  average  amplitude  for  each  ftequency.  Because  the 
square  waves  contain  high  order  harmonics,  the  SWRF  can  not  be  directly  used  to 
compute  the  MTF  without  correction  for  these  harmonics.  We  have  devised  and  tested  a 
signal  processing  method  to  compute  the  MTF  from  the  signal  profile  of  a  bar  pattern. 

The  signal  profile  was  first  segmented  into  sections  of  the  same  frequency. 

Sections  from  a  number  of  lines  (30-70)  were  concatenated  together  into  a  big  array  with 
many  more  cycles  of  change.  The  array  was  then  Fourier  transformed  and  a  frequency 
distribution  of  the  signals  was  computed.  This  frequency  distribution  typically  has  a 
fundamental  peak  followed  by  a  number  of  high  order  harmonics.  These  harmonics 
generally  decrease  in  magnitude  as  the  order  becomes  higher.  To  determine  the  MTF 
value,  the  area  under  the  fundamental  peak  was  computed  and  normalized  by  dividing  it  by 
U®  zero  frequency  component  (mean  of  the  data). 


Image  quality  of  a  mammographic  unit  is  often  checked  with  phantoms  simulating 
a  breast  with  the  three  major  disease  symptoms:  microcalcifications  and  masses.  Various 
phantoms  have  been  designed  for  this  purpose.  We  have  used  two  such  phantoms  to  test 
the  image  quality  and  compare  different  imaging  systems  or  technical  factors.  TTie  first 
one  is  a  Tissue-Equivalent  Breast  Phantom  made  by  the  Computerized  Imaging  Reference 
Systems  (CIRS),  Inc.  of  Norfolk,  Virginia.  It  consists  of  a  breast  shape  phantom  made  of 
tissue  equivalent  material,  with  a  step  wedge,  groups  of  microcalcifications,  masses  and 
fibrils  embedded  inside  the  phantom.  A  specification  sheet  for  the  phantom  is  attached  as 
Appendix  HI.  The  step  wedge  consists  a  square  region  with  a  contrast  corresponding  to 
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additional  5iiun  of  glandular  tissue  over  the  surrounding  background  tissue  and  a  second 
square  region  with  a  contrast  corresponding  to  additional  5mm  of  fat  tissue.  The  12 
microcalcification  groups  ranges  from  0. 12mm  to  0.35mm  in  diameter.  The  6  masses 
range  from  1mm  to  6mm  in  diameter.  The  fibrils  have  a  diameter  of  8.7pm.  This 
phantom  provides  a  good  tool  for  comparing  tiie  overall  image  quality  of  different  imaging 
systems,  techniques  or  technical  factors. 

The  second  phantom  is  the  RMI  Anthropomorphic  Breast  Phantom  (Model  165, 
Gammex-RMI).  The  phantom  consists  of  a  breast  tissue  equivalent  (50%  adipose,  50% 
glandular)  plastic  casting  and  a  high  resolution  detail  layer  enclosed  in  a  protective  acrylic 
case.  Together,  these  components  produce  radiographic  images  that  are  similar  to  a  true 
mammogram..  To  aid  the  evaluation  of  system  performance,  the  phantom  also  produces  a 
nine  level  gray  scale  step  wedge  and  a  group  of  resolution  line  pairs  in  the  mammogram. 
The  phantom  is  imique  in  that  the  characteristics  of  its  components  were  derived  from  an 
actual  mammogram.  The  three  dimensional  surface  sttucture  of  the  breast  tissue 
equivalent  plastic  casting  produces  the  low  and  medium  resolution  image  detail.  High 
resolution  image  details  are  produced  by  an  attenuating  coating  of  a  stable  mercury-silver 
amalgam  on  photographic  film.  In  addition  to  protecting  the  contents,  the  acrylic  case 
acts  as  a  uniform  attenuation  layer  across  the  entire  phantom 

When  acquiring  the  storage  phosphor  images  of  these  phantoms,  typical  X-ray 
factors  were  used.  These  factors  were  generally  determined  by  setting  the  kVp  desir^ 
and  then  exposing  a  Min-R  screen-film  cassette  in  the  automatic  exposure  (mAs)  mode. 
The  film  was  then  processed  and  the  resulting  film  image  examined  to  check  the  density  of 
the  image.  The  kVp  and  mAs  are  recorded  and  used  for  storage  phosphor  imaging  if  the 
film  density  appear  to  be  adequate.  For  the  CIRS  phantom,  the  proper  techniques  for  the 
Min-R  screen-film  combination  are  90  mAs  at  28  kVp  with  an  antiscatter  used. 

Phantom  Design  and  Construction 

In  the  proposed  project,  we  will  conduct  a  ROC  study  to  compare  the  improved 
storage  phosphor  imaging  technique  with  the  conventional  screen-film  technique.  TTie 
study  will  be  based  on  images  of  phantoms  with  simulated  microcalcifications,  fibrils  and 
masses.  To  present  more  realistic  imaging  conditions,  these  objects  will  be  superimposed 
with  structures  mimicking  tissue  structures  of  breasts.  As  described  by  the  Statement  of 
work  attached  as  Appendix  I,  the  ROC  study  will  be  performed  during  the  third  year  of 
the  grant  period.  Image  acquisition  and  printing  will  be  performed  during  the  second  year. 
In  the  first  year  of  the  grant  period,  we  have  developed  and  investigated  how  to  design 
and  construct  phantoms  for  acquiring  images  to  be  used  in  the  ROC  study.  Specifically, 
we  have  experimented  with  methods  for  simulating  microcalcifications,  fibrils,  masses  and 
overlapping  tissue  structures.  These  methods  are  described  and  discussed  as  follows; 
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Main  Body 


The  main  body  of  phantom  provides  a  background  structure  over  which 
microcalcifications  ard  masses  will  be  simulated  and  superimposed.  We  have  investigated 
several  approaches  to  constmct  the  main  body  of  phantom.  Yaffe  et  al  have  designed  a 
method  which  uses  a  plastic  block  with  a  spatially  varying  thickness  generated  by 
numerically  controlled  milling  to  simulate  tissue  structures  in  a  real  breast.  Clinical 
mammograms  are  analyzed  and  used  to  compute  die  thickness  variation  required  to 
reproduce  them.  Hner  structures,  including  microcalcificadons  and  low  contrast  masses, 
are  simulated  by  an  X-ray  film  of  these  objects,  with  the  silver  atoms  chemically  replaced 
by  mercury  atoms  to  enhance  X-ray  attenuation.  This  approach  has  been  used  to  produce 
the  mold  for  mass-producing  quality  control  phantoms  (Radiation  Measurement  Inc.). 
While  the  resulting  phantoms  are  reasonably  priced  and  produce  realistic  images,  the 
original  mold  is  extremely  tedious  and  expensive  to  make.  Since  we  need  S-10  different 
phantom  patterns  in  our  ROC  studies,  this  approach  would  be  extremely  expensive  and 
time  consuming. 

An  alternative  approach  is  to  use  chunks  of  muscle  tissue  embedded  in  wax  to 
provide  various  tissue  structures.  We  have  used  chunks  of  beef  to  experiment  with  this 
method.  Chunks  of  beef  were  first  placed  inside  a  container  with  a  flat  bottom.  Melted 
wax  was  poured  into  the  container  to  embed  the  beef  chunks.  The  phantom  was  then  let 
to  cool  and  sealed  inside  a  plastic  bag.  The  unused  phantoms  can  be  refrigerated  for  later 
use.  One  advantage  of  this  method  is  the  ease  of  construction.  Since  the  phantom  is  flat 
on  both  the  top  and  bottom  sides,  it  has  a  uniform  thickness,  corresponding  to  a 
compressed  breast  The  thickness  can  be  readily  controlled  by  using  the  right  amount  of 
tissue  and  pouring  the  wax  to  a  specified  height  (e.g.  4cm). 

Microcalcifications  and  fibrils 

Microcalcifications  and  fibrils  are  mainly  composed  of  calcium.  Because  aluminum 
has  X-ray  attenuation  properties  similar  to  those  of  calcium,  it  has  often  been  used  to 
simulate  objects  of  high  calcium  contents,  e.g.  bones  and  calcifications.  To  simulate 
microcalcifications  and  fibrils,  we  have  acquired  and  used  aluminum  wires  of  several 
various  diameters:  2, 4, 8  and  16  mils  (51, 102, 203  and  406pm).  These  wires  were  cut 
into  small  pieces  with  the  help  of  a  magnifier.  To  simulate  microcalcifications,  these  wires 
were  cut  into  pieces  with  a  length  significantly  shorter  than  1mm.  Fibrils  were  simulated 
by  longer  pieces,  typically  with  a  length  of  several  mm  long.  Notice  that  these  wire 
segments  were  laid  down  flat  on  top  of  the  main  body  of  the  phantom.  Thus,  their 
crosssections  are  roughly  parallel  to  the  X-ray  path.  Although  the  wire  segments  may 
vary  in  length,  their  contrast  is  predominantly  determined  by  the  diameter  of  their 
crosssections.  Therefore,  the  locations  and  diameters  of  the  wire  segments  will  be 
recorded  for  each  different  phantom  configuration  to  provide  reference  for  truth  in  the 
ROC  studies. 
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Low  contrast  masses  were  siiaolated  by  wax  spheres  placed  on  top  of  the  main 
body  of  phantom.  In  actual  imatriug  situation,  die  contrast  of  tumor  masses  is  generated 
by  the  difference  of  X-ray  attenuation  between  the  masses  and  the  tissue  they  replace. 
'Thus,  the  contrast  of  a  tumor  mass  is  somewhat  lower  than  that  of  a  wax  sphere  of  the 
same  size.  To  reduce  the  contrast  of  the  wax  spheres,  they  can  be  compressed  a  little  bit 
so  that  the  maxLnum  thickness  of  the  sphere  is  only  a  fraction  of  its  diameter. 


Quality  control  of  the  storage  phosphor  imaging  system  has  been  performed  by 
acquiring  and  visually  checking  images  of  a  resolution  bar  pattern,  a  CIRS  phantom  and  a 
RMI  anthropomorphic  breast  phantom.  Because  many  improvements  have  been  made  on 
the  system,  our  criteria  for  visual  check  has  been  updated  whenever  necessary.  However, 
near  the  end  of  the  first  year,  the  image  quality  of  the  system  has  somewhat  settled  down. 
In  general,  for  the  resolution  bar  pattern  image,  we  expect  to  see  and  resolve  all  bars  at 
frequencies  of  up  to  8.5  Ips/mm  fully  and  clearly.  The  10  Ips/mm  bars  should  be  partially 
resolved.  The  images  of  the  CIRS  phantom  provides  a  convenient  semi-quantitative 
method  for  checking  the  overall  quality  of  the  system,  including  the  spatial  resolution  and 
noise  properties.  Same  technique  (28kVp,  90niAs,  65cm  SED,  witfi  antiscatter  grids)  will 
be  used  in  all  quality  control  exposures.  In  general,  we  expect  to  see  all 
microcalcifrcations  with  a  diameter  of  200}im  or  greater  and  all  masses  with  a  dianreter  of 
3mm  or  greater.  All  fibrils  should  be  fully  resolved.  The  RMI  phantom  offers  a  more 
qualitative  check.  All  images  should  have  similar  apparent  quality  as  previous  images. 
Because  we  are  plarming  to  further  improve  tlte  spatial  resolution  of  the  system,  these 
criteria  will  be  updated  again  at  the  end  of  first  quarter  of  1994. 

Quality  control  of  mammooaphic  X-ray  units  and  the  screen-film  combinations 
have  been  previously  discussed^  10,1  il  The  quality  of  the  mammographic  X-ray  unit  is 
routinely  monitored  and  maintained  by  the  clinical  staff. 


Two  methods  were  used  to  develop  and  implement  algorithms  for  compression  of 
digital  mammographic  image  data.  The  first  method  is  a  lossless  scheme  which  employs 
image  segmentation  technique  to  eliminate  data  outside  the  breast  area.  The  second 
method  uses  JPEG  image  data  compression  algorithm  to  reduce  image  data  in  a  lossy 
fashion.  Although  this  algorithm  has  been  investigated  for  image  data  compression  in 
other  imaging  applications^^,  it  must  be  customized  for  application  to  mammographic 
images.  This  algorithm  also  results  in  irreversible  change  of  image  data.  Therefore, 
comparison  studies  will  be  performed  to  determine  the  parameters  used  in  the  algorithm. 
Upon  development  and  optimization  of  the  algorithm,  more  vigorous  comparison  studies 
will  be  performed  to  validate  the  algorithm  by  ensuring  that  no  significant  loss  of  image 
quality  has  been  incurred. 


RESULTS  and  DISCUSSION 


SyskmMQilifkatiQn 

Based  on  the  above  method,  we  have  measured  the  spot  size  to  be  120)im  prior  to 
optics  naodification  and  SO^im  afterwards.  As  discussed  before,  the  l/e^  diameter,  o,  is 
often  used  to  describe  the  beam  size  in  laser  optics,  a  can  be  estimated  from  d  as  follows: 


Thus,  with  our  recent  modification  of  the  laser  scanning  optics,  the  l/e^  diameter,  has 
been  reduced  from  204|xm  to  85|j,m.  From  a  theoretical  point  of  view,  a  further  reduction 
of  the  l/e^  diameter  from  85iim  to  50iim  would  still  result  in  a  significant  improvement  of 
the  resolution  capability  of  the  system.  This  corresponds  to  a  reduction  of  the  half 
maximum  width  from  50|im  to  about  30|im.  At  the  beginning  of  the  second  year  of  the 
grant  period,  we  wUl  attempt  to  further  reduce  the  beam  spot  size  and  determine  the 
smallest  beam  spot  size  that  can  be  practically  achieved  and  can  improve  the  overall 
system  resolution. 

To  further  reduce  the  beam  spot  size,  we  plan  to  replace  the  AOM( Acoustic- 
Optical  Modulator)  with  a  more  efficient  one  and  move  it  to  between  the  laser  unit  and 
Lens  A.  This  is  possible  because  the  new  AOM  does  not  required  focused  beam  and  can 
operate  on  direct  output  from  the  laser  unit  A  small  aperture  (10-30p,m  in  diameter)  will 
be  positioned  at  the  focal  point  between  Lens  A  and  Lens  C.  The  use  of  this  aperture  will 
force  the  beam  spot  size  to  be  reduced  throughout  the  rest  of  the  optics.  However,  a 
significant  amount  of  laser  power  will  be  sacrificed  through  blocking  the  light  outside  the 
aperture. 

Another  source  for  loss  of  laser  power  is  through  the  beam  expander  G, 
galvanometer  mirror  I  and  laser  scan  lens  J.  During  our  first  stage  of  system  modification, 
adequate  but  marginal  laser  power  was  achievwi  with  currently  used  beam  expander, 
galvanometer  mirror  and  laser  scan  lens.  However,  they  could  limit  the  laser  power  to 
unusable  range  if  further  reduction  of  the  beam  spot  size  (down  to  25-30p,m)  is  desired. 
Instead  of  replacing  these  components,  a  easier  approach  is  to  use  a  more  efficient  AOM 
(Multiwavelength  Visible  Light  Modulator,  Model  No.  N48062-2.5-.55,  NEOS 
Technologies  Inc.)  and  increase  the  power  available  at  the  beginning.  The  new  AOM  has 
a  maximum  light  transmission  of  over  90%  and  therefore  can  produce  a  much  higher 
power  than  the  previously  used  one  (made  by  Newport  Research  Inc.,  with  an  efficiency 
of  less  than  10%).  This  higher  power  provides  us  a  greater  flexibility  in  further  reducing 
the  beam  spot  size.  The  replacement  of  the  AOM  is  currently  undergoing  and  expected  to 
be  completed  by  end  of  1993. 
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Another  side  effect  of  reducing  the  spot  size  is  the  substantially  increased  aliasing 
effects  which  occurs  when  the  small  spot  size  is  used  in  conjunction  with  large  sampling 
distances,  e.g.  86  or  172iim  used  in  chest  imaging.  To  resolve  this  problem  and  to  allow 
us  perform  a  more  detailed  study  on  the  effects  of  beam  spot  sizes,  we  will  implement  a 
mechanism  to  vary  the  beam  spot  size  through  computer  control.  The  current  plan  is  to 
mount  the  microscopic  objective  lens  F  on  a  micro-translational  stage  and  move  it  slightly 
along  the  optical  axis  to  focus  (make  the  spot  size  smaller)  or  defocus  (make  the  spot  size 
larger)  the  light  beam  between  Lens  F  and  Lens  G. 


Resolution  Bar  Pattern  Images 

Films  1  and  2  shows  two  images  of  the  resolution  bar  pattern  obtained  with  the 
improved  storage  phosphor  imaging  system.  The  bar  patterns  are  oriented  in  horizontal 
and  vertical  directions  in  Film  1  and  at  45  degrees  in  Film  2.  Notice  that  in  all  images  all 
bars  with  a  ffequency  of  8.5  Ips/mm  or  lower  are  fully  and  clearly  resolved.  Upon  careful 
examination,  the  10  Ips/mm  bars  are  only  partially  resolved. 

Film  3  shows  an  image  of  the  resolution  bar  pattern  obtained  with  the  unmodified 
storage  phosphor  imaging  system.  Notice  that,  although  also  scanned  with  a  pixel  size  of 
43^im,  it  can  only  resolve  5  Ips/mm  while  the  modified  imaging  system  resulted  in  clearly 
resolved  bar  patterns  at  up  to  8.5  Ips/mm. 

Film  4  shows  an  image  of  the  resolution  bar  pattern  obtained  with  a  Min-R  screen- 
film  combination.  Notice  that  the  10  Ips/mm  bars  can  be  resolved  slightly  better  than  in 
the  storage  phosphor  image.  The  image  of  the  bar  patterns  has  a  slightly  sharper 
appearance  than  the  storage  phosphor  image.  However,  the  resolution  quality  of  the 
storage  phosphor  image  is  rather  close  to  that  of  the  screen-film  images. 

Figure  4  shows  the  Square  Wave  Response  Function  (SWRF)  measured  from  the 
bar  pattern  image  in  Film  1.  Notice  that  these  data  agree  with  our  observation  of  the 
resolution  bar  images.  At  10  Ips/mm,  the  SWRF  is  2-3%  while  the  bars  are  partially 
resolved  in  the  image.  At  8.5  Ips/mm  or  lower  fiequencies,  the  SWRF  is  5%  or  greater 
while  all  bars  are  fully  resolved. 

We  have  also  used  the  Fourier  filtering  method  to  compute  the  MTF  from  the  bar 
pattern  signals.  This  has  resulted  in  reasonable  measurements.  However,  we  have  found 
the  results  have  some  fluctuation  and  do  not  appear  as  stable  as  the  SWRF  at  frequencies 
lower  than  2  Ips/mm.  Currently,  we  are  still  trying  to  understand  this  phenomenon  and  to 
devise  a  method  to  normalize  the  measurements  so  that  the  extrapolated  MTF  value  at 
zero  frequency  would  be  1. 
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Phantom  imagfs 

The  QRS  phantom  has  been  used  to  compare  the  spatial  resolution  capability  of 
the  improved  imaging  system  with  those  of  the  unmodified  system  and  conventional 
screen-film  combinations. 

Film  5  shows  an  image  of  the  CDRS  phantom  acquired  with  the  modified  imaging 
system.  Film  6  shows  an  image  of  the  CIRS  phantom  acquired  with  the  unmodified 
imaging  systent  Him  7  shows  an  image  of  the  CIRS  phantom  acquired  with  a  Min-R 
screen-film  combination.  Notice  that  in  the  screen-film  image,  all  microcalcifications 
with  a  diameter  of  200|Xm  or  greater,  all  masses  with  a  diameter  of  3mm  or  greater  and  all 
fibrils  are  resolved.  All  these  components  are  resolved  in  the  storage  phosphor  image 
acquired  with  the  modified  system,  too.  This  indicates  that  the  image  quality  from  the 
modified  storage  phosphor  imaging  system  approaches  that  of  a  conventional  screen-film 
combination.  However,  the  storage  phosphor  image  can  be  digitally  enhanced.  Therefore, 
it  can  be  displayed  or  printed  with  higher  contrast  to  enhance  low  contrast  details  over 
various  parts  of  the  image.  It  can  also  be  displayed  with  larger  dynamic  range  to  show  the 
skin  line  more  clearly. 

TTie  storage  phosphor  image  acquired  widi  the  unmodified  system  shows  a  much 
worse  quality.  Fewer  groups  of  microcalcifications,  masses  and  fibrils  can  be  seen  in  the 
image.  This  clearly  demonstrates  the  improvement  of  the  image  quality  resulted  from 
reducing  the  beam  spot  size. 

Film  8  shows  an  image  of  the  RMI  phantom  acquired  with  the  modified  storage 
phosphor  imaging  system.  Film  9  shows  an  image  of  the  RMI  phantom  acquired  with  an 
Min-R  screen-film  system.  Notice  that  although  the  screen-film  image  is  slightly  sharper 
the  two  images  show  about  the  same  amount  of  details.  Due  to  the  window  and  level 
setting,  the  storage  phosphor  image  shows  higher  contrast 

It  should  noted  that  the  phantom  images  presented  here  have  some  artifacts, 
including  bright  dots  from  dust  and  horizontal  structures  resulting  from  the  unstable 
AOM.  These  artifacts  can  be  eliminated  by  carefully  cleaning  the  storage  phosphor 
screens  and  using  a  new  improved  AOM  (see  the  System  Modification  sections ).  The 
artifacts  will  be  carefully  monitored  and  eliminated  during  actual  image  acquisition  for  the 
ROC  studies. 


Phantom  Design  and  Construction 

We  have  constructed  several  phantoms  by  using  chunks  of  beef  embedded  in  wax 
to  see  if  proper  images  could  be  made  for  the  ROC  studies.  Sub  millimeter  segments  of 
aluminum  wires  were  placed  on  top  of  the  phantom  to  simulate  microcalcifications.  Two 
images  of  a  phantom  constructed  using  the  above  described  method  are  shown  by  Films 
10  and  11.  Film  10  is  a  storage  phosphor  image  acquired  with  a  commercial  prototype 
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image  reader  (KESPR,  Eastman  Kodak  Co.)  and  a  8"xl0"  high  resolution  screen.  Film  1 1 
is  a  screen-film  image  acquired  with  a  clinical  mammographic  unit  at  our  institution. 

Notice  that  although  the  phantom  images  do  not  exactly  mimic  a  mammogram,  they  do 
provide  adequate  variation  of  tissue  stmctures  as  background  for  detection  of  the 
microcalcifications  and  other  details  simulated. 


Data  Compression 

The  image  compression  study  consists  of  three  major  tasks:  (1)  develop  and  test 
lossless  compression  algorithms,  (2)  develop  and  test  lossy  compression  algorithms  and 
(3)  evaluate  the  coiiq)ression  algorithms  through  JND  (Just  Noticeable  Difference) 
studies. 


In  our  first  year  of  the  grant  period,  we  have  completed  most  of  the  first  two  tasks. 
We  have  developed  and  tested  both  lossless  and  lossy  compression  algorithms.  They  have 
been  successfully  used  for  data  compression  of  distal  mammograms.  We  are  currently 
evaluating  image  noises  in  different  regions  inside  and  outside  the  breast  area  to  assess 
ways  to  optimize  the  compression  ratio  with  minimum  degradation  of  image  quality. 

Upon  completion  of  tests,  we  will  perform  our  first  JND  (Just  Noticeable  Difference) 
study  to  evaluate  the  detectability  of  differences  between  compressed  and  non- 
compressed  digital  mammograms  as  perceived  by  radiologists  and  image  processing 
specialists. 
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Square  Wave  Response  of  Fuji  Single  Screen(*,  24  kV,  14  mAs,  Small),  1  lin 


Figure Square  Wave  Response  Function  (SWRF)  for  the  modified  storage  phosphor 
imaging  system  with  a  beam  spot  size  reduced  from  120|im  to  50|Xm. 


CONCLUSIONS 


To  summary  our  accomplishment  in  the  first  year  of  the  grant  period; 

1 .  We  have  successfully  modified  our  storage  phosphor  image  reader  and  reduced  the 
laser  beam  spot  size  from  lOOjim  to  SOprn 

2.  The  reduction  of  the  laser  beam  spot  size  resulted  in  a  significant  improvement  of  the 
spatial  resolution  capability  of  the  storage  phosphor  imaging  system.  This 
improvement  allows  us  to  easily  resolve  8.5  Ips/mm  bar  patterns  at  28  kVp  on  a 
mammographic  unit. 

3.  Using  a  breast  phantom  for  comparison,  the  quality  of  the  storage  phosphor  images, 
obtained  with  the  improved  imaging  system,  is  comparable  to  that  of  the  screen-film 
images  acquired  with  a  clinical  mammographic  unit  at  our  institution. 

4.  We  plan  to  implement  the  capability  to  vary  the  spot  size  through  computer  control. 
We  plan  to  further  reduce  the  spot  size  and  test  to  see  if  further  improvement  is 
possible  and  whether  we  have  reached  the  optimal  spot  size.  Following  these  studies, 
we  will  start  acquiring  phantom  images  for  the  RCK!  studies. 

The  completion  of  these  tasks  has  resulted  in  a  storage  phosphor  imaging  system 
with  a  spatial  resolution  capability  approaching  that  of  conventional  screen-film 
combinations  for  mammographic  applications.  In  the  first  quarter  of  1994,  we  will 
attempt  to  further  reduce  the  beam  spot  size  and  optimize  the  system  performance.  Upon 
completion  of  this  further  system  modification,  we  will  be  largely  prepared  to  start 
acquiring  images  for  the  ROC  studies. 
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APPENDIX  I 


SPECIFICATIONS  FOR  THE  RESOLUTION  TEST  PATTERN 
(Nuclear  Associates,  Model  07-553) 
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Figure  1  Is  an  enlarged  contact  radiograph  of  the  test'plate.  The  spacing 
of  the  bar  pattern  varies  In  steps  between  the  Index  marks.  For  example, 
the  spatial  frequency  of  the  pattern  between  ABls’^rone-half 
millimeter  and  the  spatial  frequency  between ^C]b;;,ls^0,85  line  pairs  per 
millimeter. 


Table  #1  tabulates  the  spatial  frequency 
marks.  A  larger  line  separates  I  the  pattern^ 
longer  1  Irie  s  corres  pond  Ing^ tb^  groups  of  0, 
m  111  Imeter.  - 


Fig.  1 
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Table  #1  The  line  palrs/mm  value  for  each  resolution  group  Is  listed  below. 
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APPENDIX  11 


SPECIFICATIONS  FOR  THE  CIRS  BREAST  PHANTOM 
(Computerized  Imaging  Reference  Systems,  Inc.) 
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Map  of 

Embedded  Details  in  Phantoms. 
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•  Stepwedge 

5  mm  glandular  equivalent/5  mm  fat 
equivalent 

•  Microcalcifications  (CaCOJ 

12  groupings  with  largest  at  .35  mm 
diameter  and  smallest  at  .12  mm 
diameter.  This  range  of  sizes  has  been 
shown  in  practice  to  be  sensitive  to 
system  calibration  and  performance. 


•  Masses 

6  simulated  tumor  masses  ranging  from 
6  mm  diameter  to  1  mm  diameter 

•  Fibrils 

3  fibre  spiculations 


f  jrrrm  COMPUTERIZED  IMAGING 
REFERENCE  SYSTEMS,  INC. 

2488  Almeda  Avenue,  Norfolk,  Virginia  23513 
Tel;  (804)855-2765 


APPENDIX  III 


SPECIFICATIONS  FOR  THE  ANTHROPOMORPHIC  BREAST  PHANTOM 
(Model  165,  Gammex-Radiation  Measurement  Inc.) 
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Specifications 


Breast  Tissue  Equivalent 
Plastic  Casting 


High  Resolution  Layer 


Phantom  Case 


Overall  Dimensions 


Tissue  Equivalent  Plastic, 

RMl  Model  454 

50%  adipose,  50%  glandular, 

(BR-12  equivalent) 

Radiographic  film  containing 
a  stable  mercury-silver 
amalgam. 

9  step  gray  level  stepwedge. 

Resolution  Bar  Pattern: 

5-25  Ip/mm 

Case  Material:  Acrylic 

Top  Thickness:  0.215  in 
Bottom  Thickness:  0.175  in 

19.6  X  11.7  X  6.1  cm 
(7.7  X  4.7  X  2.4  in) 

0.7  kg  (1.61b) 


Note:  Due  to  our  philosophy  of  continuous  product 
improvement,  these  specifications  may 
change  without  notice. 
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CAPTIONS  FOR  FILMS 


Film  I 

Film  2 

Films 

Film  4 

FUm5 

Film  6 

Film? 

Films 

Film  9 
Film  10 

Film  1 1 


-CavanA-f*  ie.  r«fr<ocluc&<^ 

Storage  phosphor  image  of  two  resolution  test  patterns  (oriented  horizontally 
and  vertically  respectively)  acquired  with  the  modified  storage  phosphor  image 
reader  with  a  reduced  beam  spot  size  of  50p.m. 

Storage  phosphor  image  of  a  resolution  test  pattern  (tilted  at  45  degrees) 
acquired  with  the  modified  storage  phosphor  image  reader  with  a  reduced  beam 
spot  size  of  50pm. 

Storage  phosphor  image  of  a  resolution  test  patterns  acquired  with  the 
unmodified  storage  phosphor  image  reader  with  a  beam  spot  size  of  120pm. 

Image  of  two  resolution  test  patterns  (oriented  horizontally  and  vertically 
respectively)  acquired  with  a  Min-R  screen-film  combination. 

Storage  phosphor  image  of  a  CIRS  breast  phantom  acquired  with  the  modified 
storage  phosphor  image  reader  with  a  reduced  beam  spot  size  of  50pm. 

Storage  phosphor  image  of  a  CIRS  breast  phantom  acquired  with  the  unmodified 
storage  phosphor  image  reader  with  a  beam  spot  size  of  120pm. 

Image  of  a  CIRS  breast  phantom  acquired  with  a  Min-R  screen-film 
combination. 

Storage  phosphor  image  of  a  RMI  breast  phantom  acquired  with  the  modified 
storage  phosphor  image  reader  with  a  reduced  beam  spot  size  of  50pm. 

Image  of  a  RMI  breast  phantom  acquired  with  a  Min-R  screen-film  combination. 

Storage  phosphor  image  of  the  experimental  phantom  acquired  with  a 
commercial  storage  phosphor  image  reader  (Kodak  Ektascan  Storage  Phosphor 
Image  Reader). 

Image  of  the  experimental  phantom  acquired  with  a  Min-R  screen-film 
combination. 
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